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The exciton spectrum of the quantum dot - quantum
ring semiconductor nanostructure in an electric field

Hnidko LS., Gutsul V.I., Koziarskyi I.P, Makhanets O.M.

Yuriy Fedkovych Chernivtsi National University,
Kotsyubynsky St. 2, Chernivtsi-58002, Ukraine
E-mail: hnidko.ihor@chnu.edu.ua

The intensive development of nanotechnology has made it possible to create
new nanostructures with clear geometric shapes. In particular, structures containing
quantum dots and nanorings have already been created and are being intensively
studied [1].

In this work, we investigate a nanostructure consisting of a cylindrical
semiconductor quantum dot (quantum well, GaAs medium), which through a finite
potential barrier (Al Ga, As medium) is tunnel-connected to a coaxial cylindrical
nanoring (quantum well, GaAs medium).

Assuming that the lattice constant and the dielectric constant of the nanosystem
elements differ slightly from each other, a model of effective masses and
rectangular potentials is used to calculate the electron and hole spectra. These
values are considered known in all areas of the nanosystem. All theoretical
calculations were performed in a cylindrical coordinate system that is appropriate
for this case. The corresponding stationary Schrodinger equations for
noninteracting electrons and holes in the absence of an electric field are solved
analytically exactly. Radial wave functions are obtained as a linear combination
of the Bessel, Neumann and modified Bessel functions. The stationary Schrodinger
equations for quasiparticles in the presence of an electric field are not analytically
solved. For their approximate solution, the unknown wave functions are sought in
the form of a decomposition over a complete set of cylindrically symmetric wave
functions, and the energy of the electron or hole is found from the solution of the
corresponding secular equation. Since the interaction energy between an electron
and a hole is much less than the sum of the size-quantized energies of the
corresponding quasiparticles, the exciton binding energy is found using
perturbation theory.

The dependences of the energies of the electron, hole, and exciton on the
magnitude of the electric field strength are analyzed.

1. V. D. Pham, K. Kanisawa, and S. Folsch, Quantum Rings Engineered by Atom Manipu-
lation, Phys. Rev. Lett. 123,066801 (2019).
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